M
ANY investigations have been carried out by different observers, with a view to discovering the action of X-rays on compounds consisting of a small number of elements combined together in different ways. The results obtained have not in all cases been easy to understand, and the deductions made thereh'om have been, in consequence, somewhat inconclusive. Where this has not been the case, certain conclusions may have been indicated, but the experimental results have not been sufficiently accurate to afford them very satisfactory support, or else the number of compounds used (consisting of the same two or three elements only) has not been sufficiently large to test these conclusions at all widely.
In most of these investigations the results have been complicated by the fact that a heterogeneous beam of primary X-rays has been used, the composition of which was probably different at different periods during the experiments; also an appreciable amount of the ionization produced has been due to secondary radiations from the sides of the ionizing chamber.
Some suggestion of an " additive" law is indicated by many of the results obtained, i.e. that the ionization is a property of the atom ; while, however, this law seems to be approximately obeyed in many cases, there are, in others, deviations from it which are not to be explained by experimental errors, and it appears that the ionization also depends somewhat on the state of combination (Crowther, Prec. Roy. Soc. vol. lxxxii. A. p. 127) .
The case of certain compounds of sulphur forms a notable exception to this atomic law, and the experiments of Barkla and Simons t show conclusively that the ionization is not purely atomic, but may be largely affected by the compound used, though the deviation is not large except in a few cases.
With a view to obtaining a large number of observations on different combinations of one small group of elements, the present experiments were confined entirely to compounds of oxygen, carbon, and hydrogen. "atomic" ionization or other " atomic" property (if such there be) can be determined from observations on two of the compounds (the effect of hydrogen being inappreciable) and these values tested by substitution in the other compounds. These calculated results call then be compared with the experimental observations, agreement or disagreement (within experimental error) indicating the existence of the law, or not.
To still further simplify matters, secondary homogeneous beams of X-radiation of' definite hardness were used, the type of radiation used throughout the ionization experiments bein~ the secondary radiation from copper.
Along cylindrical chambel" was used ~, ~lined with almninimn and with aluminimn ends, but it was found after a nmnber of preliminary experiments, that the ionization due to radiation from the sides and ends (chiefly corpuscular) formed an appreciable proportion of the total ionization produced. This could have been allowed for with sufficient accuracy as it proved later, but the correction would have been unduly large in one or two cases. For this reason the preliminary results were discarded, al,d for the final experiments a lining of pure filter-paper was used inside the aluminium lining already referred to, the correction being thereby reduced to less than one-third of its previous va-lue.
The obserwttions given below were obtained with this paper-lined chamber ; they differ in each case by an almost constant quantity from the preliminary resu]ts obtained, which shows that the correction, even without the paper lining, could have been made with reasonable accuracy, and also indicates the accuracy with which the various observations could be made.
After each experiment, the paper lining was renewed, as there was some difficulty in completely relnoving the last traces of the organic vapours used. On account of this difficulty, the observations on hydrogen were always carried out immediately after re-lining the chamber, the experiments on the vapour-mixture being carried out subsequently.
An electroscope attached to an axial electrode inside the chamber served to detect and measure the leak produced by ionization inside the chamber.
The method of experiment was to pass a mixture of hydrogen and the vapour employed into the chamber, the pressure of the vapour being its saturation pressure at 0 ~ C,, while the total pressure was atmospheric. This mixture was then exposed to the homogeneous secondary radiation from copper, and the leak from the electroscope 'corresponding t~ the ionization produced was compared with that in a standard Downloaded by [University of California, San Diego] at 07:04 24 June 2016 electroscope exposed to the same radiator. By replacing the mixture with air, the ionization produced in air at 76"0 cm. by the same beam of rays could be measured immediately after the experiment with the mixture, the leak with air being compared with the same standard electroscope as before.
From these observations tho ratio of the ionization in the mixture to the ionization produced by the same beam in air was calculated for each mixture used, these ratios being given in colmnn II. Table I .
To determine what part of the ionization was due to the hydrogen in the mixture, separate experiments were performed as indicatcd above, using hydrogen alone at atmospheric pressure. The ionization in the hydrogen alone includes the effect of the corpuscular radiation from the ends of the chamber, and, deducting this from the total ionization produced in the mixture, the remainder gives the ioniza(ion due to the vapom-alone at its saturation-pressure for 0 ~ C.--at any rate as a first approximation. This method of calculation also eliminates any other constant error, such as insulation leak, &c.
The values fbr the relative ioniz'ltions in the hydrogen are given in colmnn III. Table I ., column IV. giving the ionization due to the vapour alone at its saturation-pressure at 0 ~ C. in terms o[ the ionization produced by the same beam in air at atmospheric pressure. From the values tabulated in colmnn IV. the ionizations which would be produced in the vapours alone at 76"0 cm. were calculated, assmning the ionizations to be proportional to the pressures : these are the numbers given in colunm V. of the same Table. It was found impossible to obtain any "atomic" ionization values which would satisfy these observations at all accurately. Values for the ionizations due to an atom of carbon and to an atom of oxygen were obtained which would satisf~ any two of the substances used, but when these values were substituted for in the molecular composition of any of the other vapours, the values obtained differed by as much as 25 per cent. from the observed values.
That the absorption and ionization produced in the san)c vapour at different pressures is proportional to the pressure --provided the variation in the secondary radiation escaping is negligible--has been amply shown by Crowther ~, Owen t, and others and therefore this method of calculation would have demonstrated the existence of "atomic" ionization if ionization had been truly atomic. X-radiation from the ends and sides nlust have been very small, producing a correspondingly minute ionization, while, being very soft, it would be completely absorbed even in the case of hydrogen alone. Its effect was thus entirely eliminated in the process of calculation, or at any rate, any error due to it was reduced to something far below the errors of experhnent.
Corpuscular radiation from the ends of the chamber was small in amount, and was liberated in all the experiments in equal amounts. The only error it could introduce would be negligibly small in most cases, depending on whether equal numbers of corpuscles produced equal ionizations in every case.
The corpuscular radiation from the gases and vapours in the ionizing-chamber was absorbed differently in the various experiments, however. In the mixtures coniaining the substances of higher vapour-pressure, it would be mainly absorbed by the vapour, but when compounds of low vapour-pressure were used, the corpuscles would be chiefly absorbed by the hydrogen. The ionization produced in a vapour is not necessarily the same as that produced in hydrogen, when equal nmnbers of corpuscles are absorbed in each--the ionization being usually larger in the vapour than in the hydrogen * The effect of this is that, in the mixtures containing a larger proportion of vapour, the ionization due to the corpuscular radiation from the mixture is greater than that which would be produced by the liberation (and subsequent absorption) of an equal number of corpuscles in the mixtures containing the low pressure vapours. The observed ionizations deviated fi'om an " atomic " law in this kind of way, being relatively much higher in the higher pressure vapours than in the low pressure vapours, and accordingly it was in this direction that a t'urther investigation was made.
The paper by Kleeman, to which reference has already been made, gave the ratio of the ionization produced in certain vapours alone, to that produced in air by the total absorption of equal quantities of corpuscular radiation. From these ratios it is possible to calculate the corresponding ratio for a mixture of gases or vapours, provided the relative amounts of corpuscular radiation absorbed by each of the constituents are known. The relative amounts absorbed by the vapour and by the hydrogen in the various mixtm'es were calculated assuming the absorptions to be proportional to the densities of the gases actually present (except for hydrogen which behaves anomalously). In this way calculations were made to determine how much corpuscular radiation mus~ have been liberated in the variou, Carbon- mixtures in order to produce the observed ionizations, it being assumed for this purpose that the ionization due to X-rays is produced by the ejected corpuscles. The results obtained suggested that ~he true "atomic" phenomenon might be the amount of corpuscular radiation liberated, the final ionizations depending on the number of ions produced in the various vapours by the eiected corpuscles.
It was impossible to obtain data for all the vapours used, and therefore a fresh series of experiments had to be undertaken to obtain the required factors. These experiments were carried out on the mixtures themselves, the object being to find what ratio exists between the ionization produced in air to that produced in each mixture when equal quantities of corpuscular radiation are absorbed in each. By this means the amount of liberated corpuscular radiation corresponding to any observed ionization can be determined for each mixture. The direct determination of ibis factor for each mixture obviates any errors which might creep into its calculation (fl'om Kleeman's nmnbers) based on a density absorption law, a law which is possibly not universally obeyed~hydrogen being a noteworthy exception.
In this second type of experiment: a short wide chamber was used, through which the homogeneous X-radiation from tin was passed. A reversible lining allowed two kinds of experiments to be made, one without, the other with corpuscular radiation. The lining consisted of thin card coated with gold-leaf on one side only. It was used with the gold outwards at first, when the amount of corpuscular radiation entering the chamber would be small; titan, during the second kind of experiment it was reversed so that the gold was turned inwards, thus introducing a large nmnber of corpuscles into the mixture. The X-radiation, having to pass through the same sheets of material in both eases, would be of the same intensity in the gaseous mixture, and the ionization due to the X:ra]'s absorbed by the mixture would be identical in the two experiments. By deducting the ionization with the gold outwards from that with the gold inwards, the ionization produced in the mixture by the corpuscular radiation from the gold is given. A similar pair of experiments carried out with air instead of the mixture gives the ionization produced in air by the liberation of an equal amount of corpuscular radiation.
By this method the required factors were obtained, experiments being also made with hydrogen alone to determine the fact~,r for hydrogen: the factors obtained are given in column II. In each case the effect of hydrogen can be neglected, and two equations suffice to obtain values of 0 and C, tile " atomic" corpuscular radiations. Tile equations chosen are those for ether and methyl ibrmate on account of the much greater experimental accuracy obtainable in these cases, due to the larger pressures used, and consequent larger ionizations obtained.
These equations give values : 0=-0'62, C=0"20.
On substituting these values in the other equations, the values given in brackets are obtained, the agreement being remarkably close in some cases, and well within the limits of accuracy expected in all cases except that of alcohol.
The discrepancies in the cases of benzene and alcohol were expected to be much greater than in any others, as the total ionizations obtained were extremely small, being less than ~o that of air. Of this, about 50 per cent. was due to corpuscular radiation from the sides and from the hydrogen, so that the corrections amounted to half the total ionization observed.
In order to obtain accurate results, the mean of ten observations was taken in each case, but even with this precaution, an error of 5 per cent. of the whole ionization was reckoned possible, which is equivalent to a 10 per cent. error on the result.
The smallness of the ionizations in these two cases is partly dub to the low molecular weight of these compounds (and to the absence of oxygen from the benzene molecule), but is chiefly due to the low pressures used. In the case of ethyl acetate, the low vapour-pressure at 0 ~ C. is made up for to a great extent by the high molecular weight and the large proportion of oxygen in the molecules, hence the observations on ethyl acetate were much more accurate than those on benzene and alcohol.
The agreement obtained between the two values for Downloaded by [University of California, San Diego] at 07:04 24 June 2016 henzene, the one calculated from observations, the other on the assumption that the emission el corpuscles is an "atomic" phenomenon, is thus well within the limit of experimental error considered possible, but the difibrence between the values for alcohol requires some further explanation.
In all the other cases, the purest chemicals supplied by Kahlbanm were used, but pure alcohol could not be obtained on account of Excise regulations; the alcohol used was ordinary "absolute" alcohol, and probably contained 1-2 per cent. of water. The presence of a very small quantity of water would reduce the saturation vapour-pressure to below that of pure alcohol, and at 0 ~ C., a difference of 1 mm. in the pressure would cause an error approaching 10 per cent. This, together with the error rendered possible by the very small ionization wtlues already discussed, wouhl probably account for the large discrepancy between the two alcohol values.
The values for the corpuscular radiation from an atom of oxygen and an atom of carbon, obtained from these equations, may be substituted in the molecular formula for other gases and vapours not experimented with in the present series of observations. The numbers thus obtained, when multiplied by the "corpuscular factor" for the gas or vapour used, should give the ionizations produced in these gases or vapours at 76"0 cm. by a stream of homogeneous (copper) X-radiations in terms of" that produced by the same beam of radiation through an equal length of air at 76"0 era.
Thus, in the case of oxygen, the amount of corpuscular radiation liberated would be 1"24 times that liberated in air, taking the "atomic" value =0"62 as obtained from these equations. The "corpuscular factor" for oxygen being 1"10 (Barkla & Philpot, Phil. Mag., June 1913), the ionization in oxygen as compared with that in an equal length or" air should be 1"36 for copper X-radiation. The value actually obtained by these observers is 1"38.
In carbon di-oxide the corpu,cular radiation would be 0"2 + 1"24 = 1"44. The corpuscular factor obtained by Kleeman is 1"08, giving an ionization of 1"56 compared with air, the experimental values or" Crowther & Owen being 1"57 (Crowther, Cambridge Phil. Sot., Feb. 1909; Owen, Roy. Soe. Proc., May 1912 
